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TITLE OF THE INVENTION 
A PIPETTING APPARATUS AND 
A METHOD OF PIPETTING A LIQUID 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

This invention relates to a pipetting apparatus for pipetting a 
liquid and a method of pipetting a liquid. 
2. Description of the Prior Art 

A pipetting apparatus for pipetting a liquid for pipetting a 
10 desired amount of the liquid and the corresponding method are 
known. 

In the prior art pipetting apparatus and the method, at first, a 
desired amount of a liquid is sucked into a pipette through the 
nozzle thereof. Next, the pipette is moved to a position above a 

15 vessel or the like and discharges the liquid through the nozzle. 

During this operation, it is frequent that a dope of the liquid remains 
at the tip of the pipette. In the high accuracy pipetting operation, to 
take the drop of the liquid into the vessel, the tip is touched to an 
inner wall of the vessel such that the drop is coated on the inner 

20 surface, which is so called tip-touching operation. Further, the drop 
on the inner surface of the vessel is dropped with a centrifugal 
apparatus to move the drop toward the bottom of the vessel, which is 
so called spin-down operation. 

SUMMARY OF THE INVENTION 

25 The aim of the present invention is to provide a superior 

pipetting apparatus and a superior method of pipetting a liquid. 
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According to the present invention, a first aspect of the 
present invention provides a pipetting apparatus comprising: a 
pipette having a nozzle; pipette holding means for holding said 
pipette; a piston fluid-tightly sliding along an inner wall of said 
5 pipette; piston holding means for holding a portion of said piston; 
and instantaneous position changing means for changing a position 
of said piston with said piston holding means by a short distance 
with respect to said pipette holding means to jet a portion of a liquid 
in said pipette through said nozzle as a drop. 

10 According to the present invention, a second aspect of the 

present invention provides a pipetting apparatus based on the first 
aspect, wherein said instantaneous position changing means 
comprises a motor, said pipetting apparatus further comprises 
moderately position changing means for moderately changing said 

15 position of said piston with said motor to suck and discharge a 
desired amount of said liquid, and said motor is commonly used 
between said instantaneous position charging means and said 
moderately position changing means. 

According to the present invention, a third aspect of the 

20 present invention provides a pipetting apparatus based on the first 
aspect, wherein said instantaneous position changing means 
comprises a piezoelectric actuator. 

According to the present invention, a fourth aspect of the 
present invention provides a pipetting apparatus based on the first 

25 aspect, further comprising an attachable nozzle cap being attachable 
to said pipette and having a nozzle-cap nozzle (through hole) for 



jetting said portion of said liquid through said nozzle and said 
nozzle-cap nozzle, a diameter of said nozzle-cap nozzle being 
smaller than that of said nozzle. 

According to the present invention, a fifth aspect of the 
present invention provides a pipetting apparatus based on the first 
aspect, further comprises; detection means for detecting said portion 
of said liquid jetted from said pipette; and confirming means in 
response to said instantaneous position changing means and said 
detection means for confirming that said portion of said liquid is 
jetted and outputting a confirmed result. 

According to the present invention, a sixth aspect of the 
present invention provides a method of pipetting a liquid with a 
pipette and a piston fluid-tightly sliding along an inner wall of said 
pipette comprising the steps of: (a) sucking said liquid with said 
piston; and (b) instantaneously changing a position of said piston 
with respect to said pipette by a short distance to jet a portion of a 
liquid in said pipette through said nozzle. 

According to the present invention, a seventh aspect of the 
present invention provides a method based on the sixth aspect, 
wherein said step (b) is repeated to jet a desired total amount of said 
liquid. 

According to the present invention, an eighth aspect of the 
present invention provides a method based on the sixth aspect 
further comprising the step of determining said short distance in 
accordance with a desired amount, wherein in step (b), said position 
of said piston is changed instantaneously by said short distance 
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determined in accordance with said desired amount. 

According to the present invention, a ninth aspect of the 
present invention provides a method based on the sixth aspect, 
between the steps of (a) and (b), further comprising the steps of 
5 attaching an attachable nozzle cap to said pipette at said nozzle, said 
attachable nozzle cap having a nozzle-cap nozzle (through hole) of 
which diameter is smaller than that of said nozzle; and changing said 
position of said piston to fill with said liquid in said attachable 
nozzle cap, wherein in said step (b), said portion of said liquid is 

10 jetted through said nozzle and said attachable nozzle cap. 

According to the present invention, a tenth aspect of the 
present invention provides a method based on the sixth aspect, 
further comprising the steps of: detecting said portion of said liquid 
jetted from said pipette; and confirming that said portion of said 

15 liquid is jetted in response to said instantaneous position changing 
means and said detection means and outputting a confirmed result. 

According to the present invention, an eleventh aspect of the 
present invention provides pipetting apparatus comprising: pipette 
holding means for holding a pipette having a nozzle and a piston 

20 fluid-tightly sliding along an inner wall of said pipette; piston 
holding means for holding a portion of said piston; and moving 
means for moving said piston toward said nozzle by a short distance 
with respect to said pipette holding means for a short time interval 
to jet a portion of a liquid in said pipette as a drop through said 

25 nozzle. 

According to the present invention, a twelfth aspect of the 
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present invention provides a pipetting apparatus based on the 
twelfth aspect, wherein an amount of said drop is determined in 
accordance with a size of said nozzle, said short distance and said 
short time interval. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 

The object and features of the present invention will become 
more readily apparent from the following detailed description taken 
in conjunction with the accompanying drawings in which: 

Fig. 1 is a side view of a pipetting apparatus according to a 
10 first embodiment; 

Fig. 2A depicts a flow chart showing a method of pipetting a 
liquid with the pipetting apparatus according to the first 
embodiment; 

Fig. 2B is a partial flow chart in the first embodiment; 
15 Fig. 3A is a side view of a pipetting apparatus according to a 

second embodiment; 

Fig. 3B depicts a flow chart showing a method of pipetting a 
liquid with the pipetting apparatus according to the second 
embodiment; 

20 Fig. 4 is a side view of a pipetting apparatus according to a 

third embodiment; 

Fig. 5 depicts a flow chart showing a method of pipetting a 
liquid with the pipetting apparatus according to the third 
embodiment; 

25 Fig. 6 is a side view of a pipetting apparatus according to a 

fourth embodiment; and 



-6- 



Fig. 7 depicts a flow chart showing a pipetting method in the 
pipetting apparatus according to the fourth embodiment. 

The same or corresponding elements or parts are designated 
with like references throughout the drawings. 
5 DETAILED DESCRIPTION OF THE INVENTION 

<FIRST EMBODIMENT 

Fig. 1 is a side view of a pipetting apparatus 10a according to 
a first embodiment. Fig. 2A depicts a flow chart showing a method 
of pipetting a liquid with the pipetting apparatus according to the 
10 first embodiment. 

A C-angle 7 supports a motor (linear stepping motor) 3 and a 
pipette holder 6 having a screw 6a for holding (or releasing) a 
pipette 1. A piston 2 is fluid-tightly slides along the inner surface 
of the pipette 1. An end of the piston 2 is connected to (or 
15 disconnected from) a shaft 4 with a piston holding portion 5 having a 
screw 5a. The shaft 4 is driven by the linear step motor 3. A 
control unit 20 generates a control signal to control the linear step 
motor 3. A driver 21 generates a drive signal in accordance with the 
control signal. The linear step motor 3 moves the shaft 4 along the 
20 axis of the shaft 4 in response to the drive signal from the driver 21. 
The C-angle 7 is supported by a base (not shown) on a table, a hand 
of a human being, or a robot hand, above a vessel on the table. 

The linear movement of the shaft 4 moves the piston 1 to suck 
a liquid and discharge the liquid. The control unit 20 generates the 
25 control signal such that a pulse train signal to make the driver 

generate the drive signals to control the direction of movement and 
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the speed and position the piston 2. 

In operation, the pipette 1 is fixed to the pipette holder 6 with 
a screw 6a and the piston 2 is fixed to the piston holder 5 with the 
screw 5a as shown in Fig. 1. Next, the pipetting operation is started 
5 in response to a request for starting the pipetting operation from an 
operation switch (not shown) for example in step 100 as shown in Fig. 
2A. 

In step 110, the control unit 20 controls the driver 21 to 
position the piston 2 at the predetermined lower end of the pipette 1 

10 with the linear stepping motor 3. Next, the tip of the pipette 1 is 
submerged in the liquid 8 by the hand of a human being or robot 
handle (not shown). Next, the piston 2 is moderately moved 
upwardly (in the drawing) by a given amount to suck the liquid 8 in 
the pipette 1 at a relatively low speed. If the piston 2 is moved at a 

15 relatively high speed, the air enters blow the piston 2. Thus, the 
piston 2 is moved upwardly at a lower speed to surely suck a liquid 
having a higher viscosity. 

Next, the tip of the pipette 1 is directed to a vessel 9 by the 
hand or the robot arm. 

20 Next, in response to a switch the control unit 20 generates the 

pulse signal of which pulse rate is relatively high to push the piston 
2 by a short distance of about tens micron meters by the liner 
stepping motor 3 in step 120. This short position change of the 
piston 2 toward the nozzle la jets a drop 8a (a portion) of the liquid 8 

25 through the nozzle la. The pulse signal includes pulses at a high 

pulse rate such that the piston 2 hits the liquid 8. The jetted drop 8a 



drops into the vessel 9. 

In the following step 130, the control unit 20 judges whether 
the desired amount of the liquid 8 has been pipetted. If No, 
processing in step 120 is repeated until the desired amount of the 
5 liquid 8 has been pipetted. 

If the desired amount of the liquid 8 has been pipetted in step 
130, the control unit 20 finishes the pipetting operation. 

The amount of the drop 8a is controlled by the distance of the 
instantaneous position change of the piston 2. Fig. 2A shows this 
10 operation. In step 105, the control unit 20 determines the distance 
of the instantaneous position change of the piston 2 in accordance 
with the amount of the drop 8a. This processing is executed before 
the sucking operation in step 110. The control unit 20 generates the 
control signal to provide the distance of the instantaneous minute 
15 position change of the piston 2 determined in step 105. 

If this operation is repeated to pipette the liquid 8 in another 
vessel, the processes in steps 120 and 130 are executed again. If the 
liquid 8 remains after finish of the processing, the liquid 8 can be 
returned to the source vessel. 
20 If another liquid is pipetted after pipetting the liquid 8, the 

used pipette 1 and the used piston 2 are exchanged with a new 
pipette 1 and a new piston 2 to avoid contamination. 11. 

As mentioned above, in the pipetting apparatus, the pipette 
holder 6 holds the pipette 1 having the nozzle la, the piston holder 5 
25 holds a portion of the piston 2 which fluid-tightly slides along an 

inner wall of the pipette 1, and the control unit 20, the driver 21, and 



the linear step motor 3 moves the piston 2 with the piston holder 5 
toward the nozzle la by a short distance for a short time interval to 
jet a portion of the liquid 8 in the pipette through the nozzle la as 
the drop 8a. The amount of the drop 8a is determined in accordance 
5 with a size of the nozzle la, the short moving distance of the piston 2, 
and the short time interval. 
<SECOND EMBODIMENT 

Fig. 3A is a side view of a pipetting apparatus 10b according 
to a second embodiment. Fig. 3B depicts a flow chart showing a 

10 method of pipetting a liquid with the pipetting apparatus according 
to the second embodiment. 

The pipetting apparatus according to the second embodiment 
has substantially the same structure as that of the first embodiment. 
The difference is that a piezoelectric actuator 11 and a piezoelectric 

15 actuator driver 22 are further provided. The control unit 20 
generates a piezoelectric driver control signal in addition to 
generating the control signal for the linear stepping motor 3. The 
piezoelectric actuator 11 is provided between the shaft 4 of the linear 
stepping motor 3 and the piston holder 5. 

20 The piezoelectric driver 22 includes a high speed power 

amplifier for amplifying the analog voltage signal from the control 
unit 20 ranging from zero to five DC volts to provide the drive signal 
ranging from zero volts to DC 150 V. The piezoelectric actuator 11 
extends in response to the drive signal from the piezoelectric driver 

25 22, wherein the maximum distance of position change is about 50 ^ m 
at DC 150 V. 
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The operation of the pipetting apparatus according to the 
second embodiment is substantially similar to that of the first 
embodiment. That is, the operation of sucking the liquid (step 110) 
is same as that of the first embodiment. 
5 In step 120,, the control unit 20 generates the piezoelectric 

driver control signal to provide a DC 150V across the piezoelectric 
actuator 11. The piezoelectric actuator extends about 150 At m to 
instantaneously change the position of the piston 2 to jet the drop 8a. 
Next, the control unit 20 generates the piezoelectric actuator drive 

10 signal to make the voltage across the piezoelectric actuator zero volts 
to return the length of the actuator to the original length. 

In step 125, the control circuit 20 drives the linear stepping 
motor 3 to change the position of piston by about 150 ££ m to align the 
surface of the liquid in the nozzle la with the tip position lc of the 

15 nozzle la to prepare the next pipetting operation. 

In the following step 130, the control unit 20 judges whether 
the desired amount of the liquid 8 has been pipetted. If No, 
processing in step 120 is repeated until the desired amount of the 
liquid 8 has been pipetted. 

20 If the desired amount of the liquid 8 has been pipetted in step 

130, the control unit 20 finishes the pipetting operation. 

If the amount of the drop 8a is to be adjusted, the control unit 
20 changes the voltage of the piezoelectric actuator drive signal to 
control the instantaneous position change of the piston 2. The 

25 amount of the drop is determined in the step 105 in the same manner 
as the first embodiment as shown in Fig. 2B. In step 105, the control 
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unit 20 determines the distance of the instantaneous minute position 
change of the piston 2 in accordance with the amount of the drop 8a. 
This processing is executed before the sucking operation in step 110. 
The control unit 20 generates the piezoelectric actuator control signal 
5 to provide the distance of the instantaneous minute position change 
of the piston 2 determined in step 105. 

If this operation is repeated to pipette the liquid 8 in another 
vessel, the processing in steps 120 and 130 is executed. If the liquid 
8 remains after finish of the processing, the liquid 8 can be returned 

10 to the source vessel. 

If another liquid is pipetted after pipetting the liquid 8, the 
used pipette 1 and the used piston 2 are exchanged with a new 
pipette 1 and a new piston 2 to avoid contamination. 
<THIRD EMBODIMENT 

15 In the first to third embodiments, the amount of the drop 8a is 

higher than a hundred nanoliters. In this embodiment, a drop of 
which amount is lower than a hundred nanoliters is pipetted. Fig. 4 
is a side view of a pipetting apparatus according to a third 
embodiment. Fig. 5 depicts a flow chart showing a method of 

20 pipetting a liquid with the pipetting apparatus according to the third 
embodiment. 

The pipetting apparatus according to the third embodiment 
has substantially the same structure as that of the second 
embodiment. The difference is that an attachable nozzle cap 12 
25 having a nozzle-cap nozzle (through hole) of which diameter D2 is 
smaller than the diameter Dl of the nozzle la is further provided. 
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The attachable nozzle cap 12 generates a drop 8b of the liquid 
of which amount is lower than that of the drop 8a in the first and 
second embodiments. That is, the minimum amount of the drop is 
determined in accordance with the diameter D2 of the nozzle-cap 
5 nozzle. Then, the diameter D2 of the attachable nozzle cap 12 is 
made smaller than the diameter Dl of the nozzle la in the first 
embodiment. The instantaneously position change of the piston 2 is 
similarly adjusted in accordance with the amount of the drop 8b. 
In operation, the operation of the pipetting apparatus 

10 according to the third embodiment is substantially similar to that of 
the second embodiment. However, in the operation of sucking the 
liquid (step 110), it is better to suck the liquid without the attachable 
nozzle cap 12 to avoid the low speed due to the smaller diameter D2 
of the attachable nozzle cap 12. Therefore, the attachable nozzle cap 

15 12 is attached to the tip of the pipette 1 in step 112 after the sucking 
operation as shown in Fig. 5. In the following step 114, the control 
circuit 20 drives the piston 2 toward the attachable nozzle cap 12 to 
fill the liquid 8 in the attachable nozzle cap 12 such that a surface of 
the liquid 8 at the nozzle-cap nozzle (through hole) of the attachable 

20 nozzle cap 12 aligns with the tip position 12b of the through hole. 

In step 120, the control unit 20 generates the piezoelectric 
driver control signal to provide a DC voltage across the piezoelectric 
actuator 11. The piezoelectric actuator extends to instantaneously 
change the position of the piston 2 to jet the drop 8b. Next, the 

25 control unit 20 generates the piezoelectric actuator drive signal to 
make the voltage across the piezoelectric actuator zero volts to 
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return the length of the actuator to the original length. 

In step 125, the control circuit 20 drives the linear stepping 
motor 3 to change the position of the piston 2 to align the surface of 
the liquid around the attachable nozzle cap 12 with the tip position 
5 12b of the through hole (nozzle-cap nozzle) of the attachable nozzle 
cap 12 to prepare the next pipetting operation. 

In the following step 130, the control unit 20 judges whether 
the desired amount of the liquid 8 has been pipetted. If No, 
processing in step 120 is repeated until the desired amount of the 

10 liquid 8 has been pipetted. If the desired amount of the liquid 8 has 
been pipetted, processing ends. 

If the amount of the drop 8b is adjusted, the control unit 20 
changes the voltage of the piezoelectric actuator drive signal to 
control the instantaneous position change of the position 2. The 

15 amount of the drop 8b is determined in the step 105 in the same 
manner as the first embodiment as shown in Fig. 2B. In step 105, 
the control unit 20 determines the distance of the instantaneous 
minute position change of the piston 2 in accordance with the 
amount of the drop 8b. This processing is executed before the 

20 sucking operation in step 110. The control unit 20 generates the 
piezoelectric actuator control signal to provide the distance of the 
instantaneous minute position change of the piston 2 determined in 
step 105. For example, the control unit 20 generates the 
piezoelectric actuator drive signal of DC 2V. In response to this, the 

25 piezoelectric driver 22 generates the drive signal of DC 60V which 
generates distance of 20 Mm generating the drop 8b of which amount 
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is lower than that of the drop 8a. In the first embodiment, if the 
distance of the instantaneous position change of the piston 2 is 
shortened less than 20 £i m with the diameter Dl, a portion of the 
liquid may not be jetted due to surface tension though the surface of 
5 the liquid at (the through hole of) the nozzle expands. On the other 
hand, in this embodiment, the diameter D2 is smaller than the 
diameter Dl in the first embodiment. Thus, the surface of the liquid 
at the nozzle-cap nozzle is more expands and then, finally, a portion 
of the liquid is jetted as the drop 8b. Accordingly, a more accurate 

10 pipetting operation is provided. 
<FOURTH EMBODIMENTS 

Fig. 6 is a side view of a pipetting apparatus lOd according to 
the fourth embodiment and Fig. 7 depicts a flow chart showing a 
pipetting method in the pipetting apparatus lOd. 

15 The pipetting apparatus according to the fourth embodiment 

has substantially the same structure as that of the first embodiment. 
The difference is that a drop detecting circuit 13 is further provided. 
Moreover, a rotary motor 16, a ball screw 14, and a slider 18 replace 
the linear motor 3. That is, the rotary motor 16 and the ball screw 

20 14 moves (pushes and draws) the piston 2 in response to a drive 

signal from a driver 31 such that the rotation movement is converted 
into a linear movement by the ball screw 14 and the slider 18. On 
the other hand, the instantaneous minute position change is 
provided by the piezoelectric actuator 11 in the same manner as the 

25 second embodiment. 

In this embodiment, reliability in the pipetting operation is 
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improved with the drop detecting circuit 13. The drop detecting 
circuit 13 includes a light emission circuit 13a for emitting a light 
beam and a light receiving circuit 13b for receiving the light beam 
from the light emission circuit 13a. The light emission portion of 
5 the light emission circuit 13 is directed to a locus of the drop 8a (axis 
of the pipette 2). Thus, when the drop 8a crosses the light beam 
from the light emitting circuit 13a to the light receiving circuit 13b. 
The drop 8a interrupts the light beam. The detection signal 
indicative of interruption by the drop 8a outputted from the light 

10 receiving circuit 13b is supplied to the control circuit 32. 

If the control circuit 32 has performed the instantaneous 
minute position change of the piston 2 and the drop 8a cannot be 
detected within a predetermined time interval, the control circuit 32 
tries to perform the instantaneous minute position change for 

15 generating the drop 8a again. 

More specifically, in Fig. 6, the control circuit 32 starts the 
processing in response to a switch (not shown). In step 610, the 
control circuit 32 generates the piezoelectric actuator drive signal to 
provide the instantaneous minute position change of the piston 2 (jet 

20 pipetting) in step 610. In the following step 620, the control circuit 
32 checks the detection signal from the light receiving circuit 13b. If 
the control circuit 32 cannot detect the drop 8a within the 
predetermined time interval, processing returns to step 610 to 
perform the generating step of the drop 8a again. If the control 

25 circuit 32 can detect the drop 8a within the predetermined time 

interval, the control circuit 32 outputs the detection result in step 630 
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and processing ends. If the desired amount of the liquid has not 
been pipetted, this operation is repeated until the desired amount of 
the liquid is pipetted in the same manner as the first embodiment. 

This detection operation can be performed only once before 
5 discharging the sucked liquid for testing or every generation of drop. 
In either case, reliability in the pipetting operation is increased. 

As mentioned above, in the fourth embodiment, the drop 8a 
jetted from the pipette 1 is detected, it is confirmed that the portion 
of the liquid is jetted in response to the instantaneous position 
10 changing and the drop detection circuit, and a confirmed result is 
outputted. 

In the above-mentioned embodiments, the pipette 1 has an 
inner diameter of 2mm and a diameter Dl of the pipette 1 is 0.5 mm. 
If water is sucked as the liquid, the piston 2 is moved by about 160 m 

15 m for 2 ms to jet a drop water. The amount of the drop varies with 
the distance of movement of the piston 2 in a range. In the above- 
mentioned embodiments, the amount of the drop 8a is controlled 
from about 40 to 160 nanoliters. Moreover, when the attachable 
nozzle cap 12 having the diameter D2 of 0.2 mm is used, the amount 

20 of the drop 8b is controlled up to about 10 nanoliters. 



